Background: Chronic Kidney disease (CKD) may cause ocular disorders for many reasons such as uraemia, haemodialysis and hypertension. Aim: To study the ocular changes in a group of Egyptian children with chronic kidney disease on regular hemodialysis. Subjects and Methods: This cross-sectional comparative study was conducted on 30 children on regular hemodialysis and another 30 age and sex-matched healthy children as controls. Their ages ranged from 4 to 17 years. Complete ophthalmological examination including; visual acuity and refraction, anterior segment examination, intraocular pressure (IOP), fundus examination and colored photography were assessed in the same line with routine laboratory investigations for children on regular hemodialysis and their controls. The relation of ocular disorders with related clinical and biochemical variables was measured statistically. Results: The most common eye abnormalities recorded were decreased visual acuity in Lt eye (73.3%) and Rt eye (60%), followed by corneal & conjunctiva calcification were (16.7%) and (13.3%) respectively and fundal changes (13.3%) of the study population. A significant positive relation was found between fundal changes particularly tortuous blood vessel abnormalities with the duration of hemodialysis and serum creatinine level. Conclusion: Ocular abnormalities are common than expected in children on regular hemodialysis. Visual acuity disorder is the major ocular abnormalities recorded in those patients. Regular ophthalmologic assessment is recommended in children to prevent longer-term visual complications.
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In children, early diagnosis and detection of the etiologic factors are important to improve their health outcomes [2] .
Patients undergoing chronic hemodialysis (HD) are subject to the unique effects of both uremia and the dialysis procedure on multiple organ systems. Many patients on chronic HD suffer from chronic eye diseases [3] .
Chronic kidney disease of any etiology can induce eye disorders secondary to metabolic changes and hemodialysis treatment [4] .
Eye changes associated with chronic renal disease include conjunctival erythema, metastatic calcification on the ocular surface, conjunctival degenerations, dry eye, band keratopathy, corneal endothelial impairments, uremic optic neuropathy, pseudotumor cerebri, uremic amaurosis and cataracts [4] .
Hemodialysis could influence on visual parameters through changes in blood glucose or possibly other systemic parameters [5] .
The aim of this work was to study the ocular changes in a group of Egyptian children with chronic kidney disease on regular hemodialysis.
Subjects and Methods
This is a cross-sectional comparative study, conducted during the period from May 2016 to January 2017. The study included 60 Egyptian children, 30 children with end stage renal disease (ESRD) (eGFR < 15 mL/min/1.73m 2 ) on regular hemodialysis more than 3 months at the time of the study [6] . They were on regular hemodialysis for 4 hours, 3 times weekly, by Fresenius 4008S machine Fresenius Medical Care AG, Bad Homburg, Germany, with polysulfone low flux membrane dialyzer, their ages ranged from (5 -17) years. Also 30 healthy children with matched age and sex with patients were included as controls. The study population was selected from the nephrology & hemodialysis unit and the outpatients pediatric clinic of Alzahraa University Hospital. Blood samples were drawn in the morning after an overnight fast of at least 12 h before the start of the mid-week HD session.  Children with: Primary eye disorders (acute and chronic), other chronic systemic illnesses that can affect the eye (e.g., rheumatoid arthritis, cystinosis, …) were excluded from the study. The study patients were subjected to full history (etiology and duration of CKD and dialysis), any ocular manifestations and history of recurrent eye infection, visual affection (visual acuity disorders-dryness-itching-red eye). Informed consent was obtained from the participating parents in adherence to the guidelines of the ethical committee of Alzhraa Hospital, Al-Azhar University, Cairo, Egypt.  Clinical examination: Meticulous complete general and local systemic examination with special emphasis on manifestations of systemic disease which may affect the eye, and laboratory investigations in the same line with complete ophthalmologic assessment for both patients and their controls.
Sampling
Blood samples were drawn in the morning after an overnight fast of at least 12 h International Journal of Clinical Medicine before the start of the mid-week HD session. Five ml were drawn and placed into a plain tube, centrifuged within 30 minutes of collection and serum was separated and divided into: 1) One portion for serum (creatinine, urea, Ca, ph, ALP, cholesterol and triglyceride at the same day;
2) Another portion stored at −20˚C for until PTH assay.
Ophthalmologic Examination
All enrolled subjects had complete ophthalmic examination, including uncorrected and best corrected visual acuity, intraocular pressure estimation using Goldmann applanation tonometer, anterior segment examination, dilated fundus examination with indirect ophthalmoscope and slit-lamp biomicroscopic examination with +90 non-contact lens. For statistical analysis, visual acuity was converted to logMar fraction (Table 1 ). Table 2 showed significant increase in systolic blood pressure, urea, creatinine, PTH, ALP, cholesterol and triglyceride serum levels in children on hemodialysis Table 1 . LogMar visual acuity conversion chart. compared to their controls with no significant difference regarding serum Ca level between both groups, but there is a significant decrease in z score of (Wt, Ht and BMI) in hemodialysis group compared to their controls. Table 3 showed that visual abnormalities were detected in 18 children (60%) in the Rt eye and 22 (73.3%) in the Lt eye among patients group in comparison to the controls visual abnormalities were detected in 4 of them (13.3%) in either eye. There was a significant decrease in the degree of visual acuity in children on hemodialysis than their controls. Table 4 showed that out of 30 patient, 2 patients (6.7%) had dry eyes symptoms, conjunctiva calcification was detected in 4 patients (13.3%) and conjunctiva pigmentation in 4 patients (13.3%), corneal calcification, in 5 patients (16.7%), 4 patients (13.3%) developed fundus abnormalities, 3 patients (10%) had intra-retinal Hge and only one patient (3.3%) had myopic fundus. Figure 1 showed corneal and conjunctival calcification of both eyes in one of the study patients group who examined by Topcon, retinal camera. Figure 2 showed diffuse retinal hemorrhage in one of the study patients group who examined by Topcon, retinal camera. Table 5 showed a significant relation between duration of hemodialysis, serum creatinine level and tortuous blood vessels of the fundus. Table 6 showed the frequency of ocular findings in the study patients group, it revealed that the commonest detected finding is visual acuity disorders followed by conjunctiva calcification. International Journal of Clinical Medicine 
Results

Discussion
Several studies in adult population have reported a sudden and severe decrease in visual acuity in patients on hemodialysis [8] , while studies that evaluate this issue in a pediatric population with ESRD are generally deficient.
In the present study we evaluated visual acuity disorders and the degree of visual acuity in a group of Egyptian children on regular hemodialysis in comparison to their healthy controls, it showed significant increase in visual acuity disorders in hemodialysis children with significant decrease in the degree of visual acuity in 60%, 73% in both right and left eye respectively in hemodialysis patients in comparison to 13.3% in either eyes among controls detected by Landolt's broken ring chart. Patients with CKD are more likely to suffer from visual impairment than without CKD [9] .
Hemodialysis (HD) patients often complain of both acute and chronic vision changes. Decreased vision in CKD patients hampers daily activities, with increased incidence of falls and difficulty in performing personal tasks [10] .
Acute changes could be secondary to changes in parameters during HD as rapid shifts of body fluid, abrupt changes of glycemic control and retraction of macular edema [8] , but chronic changes most often result from eye disease secondary to the primary cause of renal insufficiency e.g. hypertension [5] .
Visual acuity depends on the health of the cornea, lens, and retina, all of which are prone to change during HD [11] .
This study showed that corneal and conjunctival calcification was reported in 16.7%, 13.3% respectively of the study patients group in comparison to zero% in their controls. Common ocular surface findings in hemodialysis patients are corneal and conjunctival calcifications, which sometimes leads to red eye and squamous metaplasia [12] , the calcific deposits have been shown histologically to be calcium phosphate. Precipitation of calcium salts is assumed to occur when serum concentrations of calcium and phosphate exceed solubility [13] .
Uraemic toxins were reported to cause endothelial damage leading to polymegathism and pleomorphism in patients with chronic kidney disease [14] This study showed that only 2 patients (6.7%) have lens abnormalities, one patient had Lt posterior subcapsular opacity and the other had bilateral pseudophilic lens. Urea trapping in the lens causes chronic water accumulation within International Journal of Clinical Medicine the lens, ultimately leading to an osmotic cataract, once patients are on chronic dialysis, intermittent fluxes of fluid into and out of the lens may also lead to chronic changes in the lens with cataract formation [22] . Also oxidative stress in CKD patients may lead to carbamylation of lens proteins, a process that has been suggested to cause cataract [23] . Akinic et al. [17] reported a similar finding.
Regarding the fundus of the eye examination, this study reported that, 4 patients (13.3%) developed fundus abnormalities, 3 patients (10%) had intraretinal Hge and only one patient (3.3%) had myopic fundus, meanwhile the most detected retinal microvasculature abnormalities were congested vessels (33.3%) then hyperemic disc (16.7%) followed by attenuated arteries (13.3%).
Generalized retinal arteriolar narrowing typically reflects permanent or persistent damage usually from atherosclerosis or longstanding hypertension [24] .
The possible explanation for the retinopathy-kidney link might be: retinal microvascular abnormalities resulting from, hypertension, inflammation and other process may provide a common pathophysiologic link for the development and progression of CKD [25] .
Gao et al. [25] reported that high prevalence of ocular fundus abnormalities in CKD patients, these data originate solely in adult patients.
The duration of hemodialysis and serum creatinine levels were the only related factor that seems to affect the blood vessels tortuosity among the study patients group. This was consistent with [17] who reported that the duration of the disease seems to be the major disease-related factor affecting ocular changes.
Conclusion
Eye and visual abnormalities are not uncommon in children on hemodialysis. So regular follow up and visual rehabilitation will be beneficial in these patients to improve their quality of life.
